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ABSTRACT OF THESIS

EVALUATING THE ECONOMIC COSTS AND LAND VALUE IMPLICATIONS
FOR IMPLEMENTING COVER CROPS IN KENTUCKY

This thesis is comprised of two essays regarding the costs and impact of land
values due to cover crops. This first essay uses a linear-programming resource
allocation model combined with sequencing and machinery selection to
optimize the practices and machinery utilization of a hypothetical western
Kentucky grain farm. This was accomplished through maximizing returns over
selected costs at various acreage adoption levels. Additionally, a decision tool
was developed to assess the costs related to cover crop adoption. The results
show a $30 per acre cost to adopt 1000 acres of cover crops when no benefits
were considered. The second essay addresses the potential benefits of cover
crops by using a hedonic model to estimate the drivers of Kentucky land
values. Variables related to soil, location, year, and farm characteristics were
analyzed for effect on per acre price. The model results suggest that farmland
values are driven significantly by soil characteristics and production potential.
A 1.25% increase was found in price per acre when one unit was increased in
the national commodity crop productivity index (NCCPI). Furthermore, the
model suggests the potential for cover crop benefits related to decreases in soil
erosion.
KEYWORDS: Cover crops, machinery selection, land values, hedonic model, decision
making
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CHAPTER 1. INTRODUCTION
The United States’ agricultural industry is forecasted to increase $4 billion in net farm
returns between 2018 and 2019. This slight increase will only bring total net farm income
to 71% of what it was in 2013 (USDA, 2019). Over the same period, production expenses
have not seen the same decrease. In 2019, production expenses were estimated to have a
3% decrease compared to the fiscal year 2013 (USDA, 2019). These trends produce evershrinking margins and cause the forecasted debt level for farming operations to continue
to increase. The repercussions can be visualized via the decreasing number of farm
operations in the U.S. Even with the average farm size increasing, average total on-farm
income from 2014 through 2018 has declined by $-1722 (USDA, 2019). This current
landscape requires producers to stay current with their knowledge and skills, as well as
new trends in the industry, to increase profit margins. One trend, which recently has
become more prevalent, is the adoption of cover crops into traditional row crop operations.

Cover crops have been shown to offer a variety of benefits to row crop operations. Some
of those include a reduction in erosion potential and nitrogen leaching, as well as increases
in organic matter and, ultimately, crop yields. Agronomists have shown mixed results in
previous research in terms of the dollar value of these benefits, which led to the
determination that cover crop benefits are farm and field-specific. Without a full
understanding of the value cover crops can add, farmer implementation has stalled. To
partially address these concerns, this thesis presents two essays to evaluate cover crops
influence on the two most substantial assets of farming operations: the land and machinery,
as well as establish the cost associated with implementation.
1

The first essay addresses machinery concerning cover crops. A linear-programming
resource allocation model was combined with sequencing and machinery selection to find
the optimal machinery for implementation. The objective of the model was to maximize
returns over selected costs. A secondary objective was to produce a decision tool that
estimates the total cost of implementing cover crops, including machinery and ownership
cost (Shockley and Ellis, 2019). This chapter also evaluates the impact on the cash crop
yields based on various acreage levels of cover crops and weather risk. The data used
within the model represents a hypothetical farm that is based on an average row crop
operation of western Kentucky. The analysis of this chapter provides the information
needed to assess the cost of on-farm cover crop adoption. Furthermore, the results can be
used as a suggestion of the dollar amount needed to incentivize producers in
implementation.

The second essay estimates the impact on land values due to cover crop adoption. A
hedonic model was used to identify the variables that drive land values. A data set covering
eight years of land appraisal information was analyzed with variables such as price per
acre, land classification, slope, NCCPI, and time of sale. The primary objective of this
essay establishes an estimation of farmland values in Kentucky. Achieving this objective
will allow for better assessment of farmland values as well as allow for a better
understanding of where cover crops can add long-term value to the operation. To continue
the thought of added benefits to land values, a second objective was established to estimate
the potential value cover crops can add by limiting soil erosion and degradation.
Implications of the model allow for a better understanding of the benefits related to cover
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crops. These estimations can help in policy implications related to conservation payment
programs.

Tight margins in row crop production, along with the potential benefits of cover crops
have led to cover crops becoming a trending topic of conversation among the agricultural
industry. However, without a full understanding of the costs and benefits associated with
adoption, farmers are hesitant to implement. The insights found within the results will help
agricultural decision-makers at the farm level make more informed decisions when
considering cover crops. Furthermore, policymakers can use the results in providing
payment programs that accurately account for the cost of implementing cover crops.

3

CHAPTER 2. EVALUATING THE ECONOMIC COSTS AND OPTIMAL MACHINERY FOR
COVER CROPS IN KENTUCKY
2.1

Abstract

Cover crop adoption is steadily increasing due to the potential benefits of reduced
nitrogen leaching and soil erosion, as well as a possible increase in cash crop yields. This
analysis uses a linear programming model that incorporates resource allocation,
sequencing, and machinery selection to determine the economic cost of adopting cover
crops and the machinery needed in implementation. Results indicate that when no cover
crop benefits were considered, a $30 per acre loss in net returns could be expected when
adopting 1000 acres of cereal rye. Results also suggest that the optimal machinery used
would be planting with a broadcast seeder and terminating with a 50-foot pull behind
sprayer. The full results of this study provide the information needed for an operation in
Kentucky that is considering cover crop implementation.

2.2

Introduction

Across the United States, farmers are increasing the number of acres planted in cover
crops. In 2017, there were 15.4 million acres planted nationally, covering 4% of total
cropland, whereas only 10.3 million were planted in 2012 (Dreibus, 2019). In 2018,
Kentucky farmers planted 205,199 acres of cover crops, which is only 5% of total
cropland in the state (USDA, 2019). The low percentage of cover crops planted does not
reflect their potential economic value.

The short-term benefits of cover crops include nitrogen fixation, nitrogen leaching
reduction, weed suppression, compaction prevention, and grazing potential. Cost
4

recovery for these benefits has been estimated as high as 150% of initial cost (Lynn,
2018). However, some have suggested cover crops to be a marathon, not a sprint,
implying that the long-term benefits of cover crops will be the only way to make them
economically feasible with most notable impacts in preventing soil erosion and nitrogen
leaching (Fatka, 2018). Cover crops have been shown to reduce nitrogen leaching into
soil water by 75-97% (Cooper, 2017). Likewise, cover crops slow water runoff and, in
turn, reduce soil erosion (NRCS, 2019). Although the benefits are farm-specific,
Kentucky lost an estimated 1.73 billion tons of soil on 406.4 million acres of cropland in
2007 (NRCS, 2012). This shows the potential statewide effect of implementing cover
crops to prevent soil erosion.

It is challenging to understand farmers’ reluctance to incorporate cover crops into their
production practices, given the potential benefits. Some suggest the reason to be cover
crops potential negative impact on cash crop production. When cover crops are
implemented, operations often will be strained with capital, labor, and available field
days. Although these issues are not guaranteed to happen in every operation, limitations
can be handled by modifying or adapting management practices on most operations.
More precisely, the method and timing of the termination of the cover crop may influence
the established practices of planting a cash crop, especially during years of heavy rainfall.

Furthermore, new machinery may be required to implement cover crops, which comes at
a financial cost. When farmers initially integrate cover crops into their production
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practices, there is potential for a negative effect on net returns. However, over time this
cost may be recovered by realizing the long-term benefits mentioned above.

Kentucky has a very diverse topography, with the Appalachian basin covering the entire
eastern quarter of the state and representing dense mountain areas with low crop
production. Those mountains fall into the rolling hills of the Cincinnati arch and Illinois
basin of the bluegrass area in central Kentucky, where heavy livestock production occurs
(Allen, 2014). From there, the Illinois basin continues to cover the even flatter hills of
the mid-west region of the state producing better soils for crop production. Lastly, the
hills from the central regions disappear into the Mississippi embayment of western
Kentucky located on top of the upper tip of the Mississippi Delta, which can be
considered one of the highest producing row crop areas in the country. Even with the
better quality soils of western Kentucky, the best production yields can be found in the
mid-west and Ohio Valley region (Allen, 2014). The top five corn producing counties in
Kentucky are Christian, Union, Henderson, Daviess, and Logan (Knopf, 2019). Not only
does the topography of this region affect production and erosion, but the weather is also
an impactful factor as well.

Overall, Kentucky ranks 12th in national rainfall (Average Annual Precipitation by USA
State). Nine more inches of rain are expected annually than in the next closest state in the

Corn Belt. More torrential rainfall has become a recent trend for Kentucky, where over
the last ten years, seven have seen above-average rainfall, which can cause limitations on
crop planting (Average Annual Precipitation by USA State). The planting delayed by rain in
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the spring results in lower expected yields. A yield curve to demonstrate this relationship
can be found in Figure 2.1. Up to a 25% loss in yields resulted from planting dates being
delayed. These delays are inevitable in agriculture. However, coupling weather with
timely termination of cover crops presents additional challenges when attempting to plant
a cash crop during the optimal timeframe.

The goal of this study is to determine the whole farm economic impacts of implementing
cover crops on a grain farm in Kentucky. To accomplish this goal, the objectives are 1)
develop a whole farm model incorporating cover crop adoption; 2) develop an Excelbased tool for determining the direct economic cost of implementing cover crops to
support objective 1; 3) determine the impact on net returns from implementing 1000acres of cover crops; 4) determine the impact of cover crop acreage levels on net returns;
5) determine the optimal machinery needed for adoption; 6) determine the impact on
planting dates of the cash crop due to cover crop adoption; 7) determine the effect of
suitable field day risk on objectives 3,5, and 6. Initial results from the model found that
with no benefits incorporated, net returns decreased by 5% when a cover crop was
adopted on 1000 acres.

2.3

Background and Literature Review

Adopting cover crops is a farm-specific decision, and depends on the farmer's overall
goals. However, in production agriculture, cover crops need to be profitable for industrywide adoption. To evaluate the impact of cover crops, cost and benefits are put into three
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categories to establish a fundamental understanding. These three groups are impact on net
returns, economic estimates of specific benefits, and government support payments.

Previous literature shows the impact on net returns has commonly been evaluated by the
use of partial budgets, although others have estimated the changes using enterprise
budgets, or cost recovery estimations (Duzy, 2017; Duzy, 2016; Plastina, 2018; Zhou,
2017). When these are compared, the change in net returns ranged from -$33.08 to
$25.92 per acre of planted cover crop.

The variability in net returns is due to the full range of costs used in the various studies.
The cost of adopting cover crops ranges from $17.40 to $206.10 per acre (Roth, 2017).
Each cover crop variety holds a different associated cost and benefits. To compare
varieties, adoption cost are categorized into three smaller groups: establishment,
termination, and other (Roth, 2017). Establishment cost accounts for planting the cover
crop, such as seed cost, seeding rate, planting cost, fertilizer, and machinery costs of
planting (Roth, 2017). Termination cost refers to the costs associated with killing the
cover crop and includes herbicide cost, crimping cost, and machinery costs of these
practices. Other costs is a catchall category for those not incurred in either establishment
or termination.

Once the costs are established, it is possible to estimate the cost recovery based on
specific benefits. These benefits include soil erosion prevention, nitrogen leaching
prevention, water retention, and an increase in cash crop yields (Balkcom, 2016; Cooper,
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2017; Flower, 2012; Roth, 2017). Although each benefit is farm-specific, previous work
has estimated a range of values for these benefits. Soil erosion and nitrogen impacts have
been extensively studied compared to other benefits. Soil erosion prevention can have
both a short and long-term benefit to the land. In the short term, erosion control has been
estimated from $4.50 to $16 per acre per year (Roth, 2017; Lynn, 2018). These estimates
are due mainly to the money saved from not having to physically move the soil back to
the field, as well as savings from not having to build terraces in high erosion areas (Lynn,
2018). The long-run benefits of soil erosion prevention are much more notable. In Iowa,
where farmland is arguably the highest producing in the country, an estimated loss of
$340 per acre was attributed solely due to eroded soils that have the potential to increase
if the erosion continues (Duffy, 2012).

Some nitrogen loss comes directly from soil erosion, but not all of the lost nitrogen can
be attributed to erosion (National Research Council, 1993). Leaching of this nutrient is
also a concern. Both these methods of nitrogen loss are costly both to the farmer and the
environment in the form of environmental impacts and the addition of fertilizer needed
for the cash crop. Nitrogen retention has long been a problem in the US. In 1983, an
estimated 9.5 metric tons of nitrogen were lost, which was the same amount of synthetic
nitrogen applied in 1987 (National Research Council, 1993). Cover crops have the
potential to retain or scavenge nitrogen by keeping ground cover during the winter
months. Furthermore, cover crops can reduce nitrogen leaching from 40-97%, directly
affecting the cost associated with added fertilizer of the next crop (Cooper, 2017).

9

Legume cover crops are nitrogen-fixing, and estimations of the savings associated with
the decrease in fertilizer used are as high as $50 per acre (Lynn, 2018).

Cover crops not only influence soil erosion loss and nitrogen loss both directly
and indirectly, but also affect cash crop yields. The highest effect in yields has been
shown in corn. On-farm studies indicate an average yearly increase of 33 bushels per acre
over four years due to cover crop adoption (Lynn, 2018). However, initially yield impacts
are much more modest, ranging from -11.25 to 56.09 bushels per acre, with an average of
around 5 bushels per acre (Faska, 2018; Plastina, 2018). By comparison, soybeans
demonstrated an average increase of only 3 bushels per acre (Fatka, 2018). The
difference is due to the different nitrogen amounts by both crops. Since soybeans are a
legume, the increase of available nitrogen is not needed as it would be for corn. Also, the
difference in expected yield per acre can explain some of the reasoning for the difference
between corn and soybeans since corn yields are over double the bushels expected in
soybeans. With either crop, yield increases can account for a $10-20 per acre increase in
revenue, but not all studies have found increases in yields. Roth estimated a 6.2% loss in
corn when using cover crops (2017). Other studies experienced crop emergence issues
when planting into cover crop residue leading to decreased yields (Balkcom, 2016). With
the high variability and lack of consistent estimations of yield impacts due to cover crop
implementation, this study will not use any estimated yield change as a benefit or cost
over cover crop adoption.
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The practices of using cover crops can vary from year to year, with the weather
accounting for a large portion of the discrepancy. When the weather is an issue, cover
crop termination can push back planting dates of the cash crop and negatively affect
yields. An estimated 25% loss in yields can be expected if planting dates are delayed
(Schwartz, 2015). However, is this a likely problem in Kentucky? The state ranks 12th
national in annual rainfall with just under 50 inches expected per year (Average Annual
Precipitation by USA State). These recent trends can cause operations to be hesitant in the

adoption of cover crops. Therefore, the use of suitable field days will estimate the change
in adoption at different rainfall levels. Shockley and Mark (2017) published a study
specifically estimation suitable field days for Kentucky. In their work, rainfall is
classified at various percent levels, where lower percentages represent more torrential
rainfall. The 50% level is stated as an average risk level and represents the expected
number of suitable field days available to farmers. Since cover crop adoption is most
impactful in delaying the planting of cash crops, only the more substantial rainfall levels
will be used in this study.

In order to help offset the costs with cover crops, government programs provide
opportunities for farms to recuperate some of the losses. Programs centered on cover
crops often require acres to be enrolled before the cover crops are planted and require
specific guidelines to be followed by the farmer. A few studies have estimated the
amount of money needed for farmers to adopt cover crops demonstrating that government
payments are required to adopt cover crops (Zhou, 2017). Others estimate increases in
cost recovery will be possible only with the help of government payment (Roth, 2017).
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Maryland offers the highest payments to encourage cover crop establishment, providing
farmers incentives up to $75 per acre (Fatka, 2018). Even private companies are offering
payments for cover crop adoption of up to $30 per acre (Fatka, 2018). However, the
payments offered across the country are highly variable and often include specific
practices or planting rates that are not conducive to all operations. Furthermore,
government payments can be tied to removing cropland from production as such with the
Conservation Reserve Program (CPS). The removal of cropland is not a realistic option
for most operations, showing that the limited extent of government support illustrates the
need for research to find an optimal payment needed for adoption.

2.4

Material and Methods

The experimental framework of the study included a mathematical programming model,
cover crop budget, resources of a hypothetical no-till Kentucky grain farm, and suitable
field day conditions for Kentucky. These are each discussed below to establish the
framework of the study.

2.4.1

Mathematical Programming Model

To achieve objective one, a mathematical programming model was modified from
Shockley et al. (2011) to include machinery selection, suitable field days, and sequencing
of field operations related to adopting cover crops and can be found in the appendix.
Similar to Shockley et al. (2011), the objective of this model is to maximize net return
above the selected cost. Decision variables of the model include acres of each crop (corn
and full-season soybeans) production by planting date. Additionally, decision variables
12

include when to either terminate the cover crop or perform a pre-plant burndown on noncover crop acres before the cash crop planting. A decision variable for acres producing
the cover crop rye and the machinery used for cover crop termination and planting were
incorporated into the model. Timing of cover crop termination was restricted to occur
before cash crop planting, whereas cover crop planting was restricted to occur after cash
crop harvest. The timing of the two operation practices must be scheduled between
March and June for termination so that t two weeks were between termination and cash
crop planting. Cover crop planting occurred between the second week of August and the
second week of November. Machinery selection was the significant separation from
Shockley et al. (2011) and allows the model to optimize machinery size based on cover
crop acreage level. To address what machinery was available for selection in the model,
cover crop acres were required to be planted either by a broadcast planter or a drill (Table
2.1). If broadcast planting was used, the only machinery option was using a broadcast
seeder, but if the cover crop was drilled, then the model could choose from a 12-foot, 20foot, or 30-foot drill. When drilling was used, the model optimized the selected drill
based on the acres of planted cover crops.

Similarly, cover crop termination optimized machinery using a sprayer or a sprayer and
roller crimping. If the model selected for a spray only termination, pull behind sprayers
of 40-foot or 50-foot were considered, as well as self-propelled sprayers of 60-foot, 70foot, 80-foot, 90-foot, and 120-foot. If the model selected for a termination method that
used a roller/crimper, the sizes available were 12-foot, 20-foot, 30-foot, or 38- foot roller
crimpers. The model optimized both cover crop planting and cover crop termination
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machinery based on the number of cover crop acres. In total, 140 different machinery
combinations were included in the model.

Net returns were bound by resource allocation, sequencing, and sales constraints and are
represented in equation 1 (Appendix 1). Resource allocation constraints limited the
production of corn, soybeans, and rye based on the available land, labor, and desired
cover crop acreage level. Land availability was limited so that cash crops were not able to
exceed the land assumed in the hypothetical farm. Labor hours required for producing
corn, soybeans, and rye were based on performance rates from Mississippi State Budget
Generator (MSBG) and reflect the equipment provided in the hypothetical farm and
machinery options for cover crop production. Labor available for these operations was
based on suitable field days available multiple by a 12- hour workday. Enterprise crop
rotation limited to corn and soybean production to a 50-50 rotation typical in Kentucky
whereas a minimum number of rye acres was assumed in the model (Equation 2-6).
Equation 7 represents a sales balance contract, where bushels sold cannot exceed bushels
produced.

Equations 8 and 9 allowed for the termination of cover crops to occur 2-3 weeks before
the planting of the cash crop, as well as allowing for the planting of the rye after the
harvest of the cash crop within the dates previously given. Along with enterprise
planting, constraints for sequencing included proper timing of cover crop planting and
termination. These constraints ensured that the sequence of cover crop termination or preplant burndown occurs on time and by Kentucky's best management practices.
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2.4.2

Cover Crop Budget

The selected costs represented in the model included variable and ownership costs for
both cash crop and rye cover crop. Rye was the only cover crop used in this study
because of its wide use and availability in the area of study. Furthermore, once discussed
with seed providers around the location of the farm, most suggested the use of rye based
on the cost of the seed for the farmer. The cash crop variable costs were derived from
Halich (2019) enterprise budgets and MSBG for a non-irrigated Kentucky farm. To
establish cover crop cost, an enterprise budget tool was developed as stated for objective
two. This tool utilized input machinery information to determine variable and ownership
cost. Input costs associated with cover crops include herbicide and seed, and reflect local
sale prices from 2018. Machinery costs acquired from MSBG included purchase price,
salvage value, repairs & maintenance rates, useful life, annual use rate, and performance
rate of the various machinery in the model in order to generate machinery costs of cover
crop practices. The tool allowed for the selection of specific planting and termination
methods to determine variable and ownership costs. The output from this decision tool
was used for ownership costs of establishing rye (Figure 2.2).

No benefits related to cover crops were considered in the model due to estimation in
previous literature being highly variable. As mentioned in the previous section, the cover
crop benefits are farm-specific and, therefore, will be different for each farm.
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To determine gross returns, the average monthly price per bushel for Kentucky was
calculated for both corn and soybeans from April 2015- April 2019 and used as the
expected price in the model (USDA). Corn was estimated at $3.91 per bushel, while
soybeans were $10.24 per bushel. The expected yield for corn and soybeans was variable
and calculated using Beck’s yield curve, where a percentage of yields are expected based
on the planting date (Figure 2.1). In this model, the expected yield for corn was 147
bushels per acre, while soybean yields were expected to be 48 bushels per acre if the crop
was planted at the optimal time.

2.4.3

Hypothetical Farm

To establish a baseline for Kentucky producers, a hypothetical farm was used. The
hypothetical farm was located in Henderson County, Kentucky. The operation contains
2,100 acres of available cropland with the previously mentioned 50/50 crop rotation
practicing no-till farming. The machinery set for cash crop production includes one 190hp 4WD tractor with the following implements: a split row no-till planter (12 rows), a
liquid fertilizer applicator, a 500-bushel grain cart, and a 20-foot stalk shredder. A 335-hp
harvester is used for both corn and soybeans using either a 12-row flex header or a 25foot flex header for soybeans. The farm also utilizes a 90-foot self-propelled sprayer for
herbicide pre-planting burndown and post-planting weed control for both corn and
soybeans. Additionally, the operation owns a 225-hp 4wd tractor, which is only used for
the fertilizer application in corn. However, if cover crop termination includes a
roller/crimper over 30-foot, this tractor will be utilized.
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2.4.4

Suitable Field Days

Suitable field day risk data from Shockley and Mark (2017) was incorporated to evaluate
weather risk in Kentucky. This allows the model to assess changes that will occur due to
weather. Weather risk is assessed as a percentage value to demonstrate the amount of rain
expected. The 50th percentile representing a risk-neutral scenario or an average year of
rainfall and was used in the base case as well as in the comparison of cover crop adoption
levels. To represent a traditional one-person operation, a 12-hour workday was used for
calculating labor availability. This allows the model to multiple the available days
suitable for a given week by 12, which will result in the total hours available for
fieldwork. However, since the timing of these operations are heavily dependent on
weather, two additional percentiles were considered in the sensitivity analysis when
adopting 1000-acres of cover crops in order to find the effect of weather on
implementation. The suitable field day risk for the 15th and 35th percentiles are
representative of risk-averse weather strategies and would indicate a year with heavy
rainfall. Identical to the risk-neutral case, the number of suitable days was multiplied by a
12-hour workday representing a one-person operation and resulted in the hours available
per week.

2.4.5

Sensitivity Analysis

In addition to suitable field day risk, sensitivity analysis of cover crop adoption was used
to compare the impact on net returns and machinery selection at different levels of
adoption. Furthermore, the results illustrated machinery impacts, production practice date
changes, and the influence of suitable field days. The four cover crop scenarios tested
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within this study represent the level of cover crops planted on the farm. These levels are
500, 1000, 1500, and 2100 acres of cereal rye.

Two additional scenarios were conducted to test machinery sensitivity. The first was to
test the change in production practices when rye required being drilled instead of
broadcast planted. In a dry year, broadcast planting can cause less than suitable plant
establishment. Furthermore, the optimal machinery solution does not take into
consideration the sprayer currently used in the cash crop operation. To address this, a
scenario where only a 90-foot sprayer could be used as tested and compared to the 1000acre scenario. This last scenario would represent a case in which the operation cannot
purchase any additional machinery.

2.5

Results

The net returns of the base case model with zero cover crop acres were $635,772 and
were higher than any of the scenarios examined, including cover crops (Table 2.2). This
net return was expected to be higher in the base case because no benefits of cover crops
are considered in the model. Without cover crops, the optimal planting dates are April 1,
April 8, and April 15 for corn and April 15, April 29, May 6, and May 13 for soybeans.
Given the optimal planting dates above, corn and soybean yields averaged 158.9 and
50.03 bushels per acre, respectively for the farm.
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2.5.1

Cover Crop Acreage Scenarios

To satisfy objective three, cover crop acres at various levels were tested, and results were
compared to the base case (Tables 2.2 & 2.3). The first scenario tested was implementing
500-acres of cover crops. At this level, net returns decreased by 2.5%, which was due to
the direct cost of establishing cover crops. When 500-acres of cover crops were adopted,
no change was found in corn or soybeans yields or planting dates. As for cover crops,
planting occurred after the early harvest of the cash crop on September 9 and 16.
Termination also occurred early before cash crops were planted on March 18 and 25
(Table 2.3). Planting occurred using a broadcast seeder, while termination was performed
using a 40-foot pull-behind sprayer. At this level of cover crop adoption, labor was not
constrained, and therefore, the farmer would only need to recuperate the direct cost from
the cover crops, not any extra cost related to yield loss.

When cover crop adoption was increased to 1000-acres, results showed more substantial
changes compared to the base model (Table 2.2). At this level, net returns decreased by
4.7% primarily due to the cost of rye since yields for corn and soybeans were not
substantially changed from the base case. Corn yielded the same bushels, while soybeans
production decreased by less than 1%. The decrease in soybean yields came from the
moving of the planting date from April 15 to April 29, as well as from May 13 to April
29. Overall, 72 acres of soybeans moved planting dates resulting in a total loss of 32
bushels for the entire operation.
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Similar small changes occurred at 1000-acres with rye planting and termination, 88% of
rye planting directly followed harvest of corn and soybeans occurring on September 9
and 23, which were that same dates used in the 500-acre scenario (Table 2.3). However,
the last 125 acres were planted on November 4 after all cash crop acres were harvested.
Rye termination resulted similarly with 88% being terminated on March 18, March 25,
and April 1, before any cash crop planting. The last 125 acres were terminated on April
29 because of the lack of labor around harvesting and planting of the cash crops. The
results indicated that cover crop planting dates were less impactful than cover crop
termination dates due to a lack of labor availability around the cash crop planting.

Furthermore, a broadcast seeder was still needed for planting, but the machinery for
termination changed to a 50-foot pull behind sprayer. This change suggests that the
increase in acres would account for the increase in the cost of a larger sprayer, by
covering move acres in a given time. At this level of adoption, cover cropping benefits
must exceed $30.23 per acre to account for the loss in yield and increased the cost of
using cover crops.

Further investigation indicated that cash crop planting dates did not change until 782
acres of cover crops were planted. More importantly, machinery dedicated to terminating
cover crops changed from a 40-foot sprayer to a 50-foot sprayer at 818 acres of cover
crops (Tables 2.4 & 2.5). Therefore, all levels below 818 used a 40-foot sprayer, and all
levels above 818 used a 50-foot sprayer. The change to a 50-foot sprayer resulted in more
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efficient use of labor, causing net returns to decrease at a slower rate than with the 40foot sprayer.

As cover crop acreage increased to 1500 acres, net returns decreased 6% from the base
case (Table 2.2). Similarly, to the 1000-acre scenario, the decrease was due to both cash
crop yield change and the cost of the cover crops. However, this was the first scenario
that showed an increase in corn yields. This increase was only 0.24 bushels per acre but is
important in showing the relationship between corn and soybeans. Corn planting dates
did not change, but the amount planted on the dates did moving 112 acres from April 1 to
April 8 and 15, which represent a higher expected yield than April 1. However, if corn
has a higher expected yield during these dates, then why would they not be maximized in
the earlier scenarios?

The lack of corn planted on dates with the highest expected yields was attributed to
soybeans having a higher return per acre. Therefore, t soybeans are planted over corn,
which will move corn planting dates where labor is available around soybean planting.
However, a closer look at the expected yield curve demonstrates a more drastic drop in
yield of corn towards the end of the planting window. Since the model was required to
terminate all 1500 acres of cover crops 2-3 weeks before the cash crop planting, this
lowered the available labor on April 1, thus moving planting of corn later into the
planting window and further pushing the higher returning soybeans later in the season.
The change in corn planting illustrates that the substantial decrease in corn yields would
be more significant than the lost revenue in soybeans from planting later in the season.
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Moving corn planting back a week delays soybeans a week, which is less expensive than
moving corn into May, where yield loss becomes higher.

Planting 1500 acres of rye was done with a broadcast seeder and terminated using a 50foot pull behind sprayer. Planting dates from rye were not as crucial as termination dates
(Table 2.3). The increased acres caused an increase in planting on September 23 and
November 4, while introducing September 16 as a new planting date. Similar to the move
with termination, 120 acres shifted from September 9 and was due to the later planting
dates of the cash crops. At 1500 acres of cover crops, the operation was expected to lose
$29.32 per acre.

When cover crop adoption was 2100 acres, similar effects to the 1500-acre scenario were
seen (Table 2.2). Net returns decreased by 9% from the base case. Corn yields increased,
and soybean yields decreased when compared to the base case. The increase in corn
yields was again demonstrated by the shifting of acres planted on April 22. Soybeans
continued the same trend as the previous scenario by planting later in the season. These
shifts were directly caused by cover crop termination shifts and added acres. Additional
increases in sprayer size to a 60-foot or higher were not seen in the results due to the
substantial increase in the cost of a self-propelled sprayer dedicated to terminating cover
crops.
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2.5.2

Machinery Scenarios

As stated above, the optimal machinery for planting a cover crop was a broadcast seeder
and was unchanged throughout all scenarios. However, machinery for termination
changed at 818-acres of cover crops from a 40-foot to a 50-foot pull behind sprayer. This
change suggests that over 818 acres, the increased price of the 50-foot sprayer can be
justified based on the number of acres covered in termination. However, under the
current assumption, the operation would be required to buy new machinery when they
already own a sprayer. To compare the difference in purchasing a new sprayer and using
the existing one, the model was restricted to use a 90-foot self-propelled sprayer for
1000-acres of cover crop termination. This scenario resulted in a higher net return than
the 1000-acre scenario previously present and showed a decrease of 4% in net returns for
the base case (Table 2.4). More interesting was the effect on cash crop yields, where corn
yields decreased while soybeans yields increased from the base case of no cover crops.
Both were due to shifts toward earlier planting dates. With a larger sprayer, labor was
more efficiently used, and therefore, cover crop termination was performed faster. This,
in turn, freed labor to be used in planting cash crops on high yielding planting dates.
Using the sprayer already owned in the hypothetical farm resulted in a loss of $25.61 per
acre, which was lower than having to purchase a dedicated sprayer for terminating cover
crops.

As for cover crop planting, the hypothetical farm does not own a broadcast seeder or a
drill. Therefore, either planting method would require the purchase of new machinery.
Broadcast seeding was preferred in each scenario, but this method has shown limitations
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under wet soil conditions. When soil is wet, broadcast planting results in lower
emergence of the crop, for this reason, a scenario was constructed to require the cover
crop to be drilled at planting. Results showed at 1000-acres a further decrease in net
returns of 5.8% compared to a broadcast seeder (Table 2.5). This is roughly 1% higher
than the 1000-acre scenario, suggesting an additional $7 per acre need to offset the cost
of the drill and shifting of the planting dates.

2.5.3

Suitable Field Day Risk

Cover crop adoption influences labor availability left for cash crop operations by causing
a labor shortage around planting times. The previous scenarios were all calculated using a
risk-neutral or 50th percentile, which represents an average of 4.9 days of suitable
fieldwork per week each year. However, in a year of more torrential rainfall, the number
of available field days will be lower. To investigate the impacts of managing this risk,
two levels were run with above-average rainfall. The first suitable field day level tested
was the 35th percentile. This represents a slightly above average rainfall with an average
of 4.3 days of suitable fieldwork per week each year. The second scenario was tested at
the 15th percentile, representing a heavy rainfall year with an average of 3.4 days of
suitable fieldwork per week each year. Both risk levels were assessed with 1000 acres of
cover crops and compared to the same risk level with zero acres of cover crops.

Results from both risk levels are presented in Tables 2.6, 2.7, and 2.8. Net returns
decreased at both risk levels. In the 35th percentile case, net returns dropped by 7% when
1000 acres of cover crops were adopted. The loss came from a decrease in both corn and
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soybean yields, as well as the cost associated with the cover crop. Corn yields dropped by
1.5 bushels per acre, while soybean yields decreased by 0.33 bushels per acre. Both yield
decreases were due to the shifting of planting dates caused by cover crop termination. As
for the cover crop, all termination was still performed using a 50-foot pull behind sprayer,
while planting occurred using a broadcast seeder. The termination was performed on
April 1, April 8, April 29, and May 6, which was later than in the 50th percentile case due
to less labor available.

Similarly, the planting of the cover crop occurred on September 9, September 30,
October 7, and November 11. The distribution was due to the harvesting of the cash crop
and lack of labor during these times. In a year with slightly above average rainfall, an
operation would expect almost a $50 loss per acre of cover crops.

In the case of heavy rainfall, the 15th percentile resulted in a more significant decrease in
net returns and yields (Table 2.7). However, compared to zero acres of cover crops, net
returns only decreased by 5.6% while corn yield dropped 0.65 bushels per acre, and
soybeans increased by 0.11 bushels per acre. The changes occurred due to the planting
dates of the cash crops. Corn was distributed from March 25 through June 10 with the
significant change in acres planted occurring on March 18 and May 13. Soybeans were
also planted from March 25 through June 3. Cover crop termination was performed using
a 50-foot sprayer in March, mid-April, and late May. Planting occurred in early August,
late September, mid-October, or November with a broadcast seeder. The economic loss
when planting cover crops in a massive rainfall year would be $32 per acre for the 1000
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acres of cover crops. Both the massive rainfall year at 15% along with the 35% suitable
field days case were compared to the same risk level with zero cover crop, in order to
establish comparisons under the same risk levels. Comparing the cases at the same level
of risk, suggest that the operation is expecting the high rainfall in each comparison.
Although if an operation were expecting a natural risk case at the 50% level and planted
1000 acres of cover crops, the net return decrease would be much higher. As a point of
reference for the effect of weather, if the two risk levels at 0 acres of cover crops were
compared to the zero acres of cover crops at the 50th percentile, net returns decrease
would not change in the 35th percentile, but the 15th percentile would experience a
decrease of 13%.

2.6

Conclusion

The goal of this study was to determine the whole-farm impacts of implementing cover
crops on a grain farm in Kentucky. A resource allocation, sequencing, and machinery
selection linear programming model was used to determine the optimal strategies in
adopting cover crops. Results suggest that a 40-foot pull behind sprayer for termination
of lower than 818 acres of cover, whereas a 50-foot pull behind sprayer was optimal
when more than 818 acres of cover crops are terminated. Further results provide evidence
of the amount needed in benefits to offset the cost of cover crops.

All scenarios of the model suggested a cost between $25 and $51 per acre of cover crops,
which is in line with previous literature (Roth, 2017). Some scenarios suggest as little as
a three bushel increase in soybeans would influence net returns enough to make cover
crops profitable. However, in years with more torrential rainfalls, net returns were more
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significantly affected. The effect on net returns could be used as a baseline for policy
implications concerning conservation program payments. These changes in net return
represent the money needed for a farmer to adopt cover crops initially.

This study also had limitations. The primary concern was the lack of data on the benefits
of cover crops. Since benefits are farm-specific, the positive effect on net returns could
not be calculated. Also, the model only presents one variety of cover crops. It also fails to
allow for machinery leasing. Future research should try to improve on these issues and
incorporate other varieties into the model.

Furthermore, future models could use different constraints and practices to more
accurately reflect cover crop costs in other areas of the country. The results of this paper
can be used in the understanding of the initial costs of adopting cover crops. Overall, the
decision to implement cover crops is a farm-specific decision.
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2.7

Chapter 2 Tables and Figures

Table 2.1 Machinery Options Presented in the Model for Cover Crop Operations of
Spraying, Planting, and Roller Crimping
Machinery Options
Sprayer
Planting
Roller Crimping
40-Foot Pull Behind
12-Foot Drill
12-Foot Roller/Crimper
50-Foot Pull Behind
20-Foot Drill
20-Foot Roller/Crimper
60-Foot Self-Propelled
30-Foot Drill
30-Foot Roller/Crimper
70-Foot Self-Propelled
Broadcast Seeder 38-Foot Roller/Crimper
80-Foot Self-Propelled
90-Foot Self-Propelled
120-Foot Self-Propelled
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Table 2.2 Net Returns, Yields, and Planting Dates of Cash Crops for the Base Case and
Cover Crop Acreage Scenarios
Base Case Scenarios of Scenarios of Scenarios of Scenarios of
of Zero
500 Acres
1000 Acres 1500 Acres 2100 Acres
Acres of
Acres of
of Cover
of Cover
of Cover
of Cover
Cover Crops
Cover
Crops
Crops
Crops
Crops
Crops
Planted
Planted
Planted
Planted
Net Returns
635772
618823
605541
591801
573840
($)
Corn Yield
158.9
158.9
158.9
159.4
159.7
(bu/acre)
Soybean
Yield
50
50
50
49.7
49.4
(bu/acre)

1-Apr
8-Apr
15-Apr
22-Apr

Corn Planting Dates and Amount (Acres)
341
341
341
229
304
304
304
356
405
405
405
465
-

140
322
390
198

8-Apr
15-Apr
29-Apr
6-May
13-May

Soybean Planting Dates and Amount (Acres)
66
66
3
432
432
432
192
192
266
224
224
224
137
137
125

135
167
99
392
256
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9
371
208
230
232

Table 2.3 Rye Planting and Termination Dates with the Acreage Amounts for Each Date
Acres of Cover Crop by Planting Dates
500 Acres 1000 Acres 1500 Acres 2100 Acres
12-Aug
135
9-Sep
343
473
356
842
16-Sep
157
209
23-Sep
402
703
647
30-Sep
22
4-Nov
125
232
454
Acres of Cover Crop by Termination Dates
500 Acres 1000 Acres 1500 Acres 2100 Acres
18-Mar
341
341
229
140
25-Mar
159
304
356
457
1-Apr
230
474
557
8-Apr
198
15-Apr
99
22-Apr
209
392
29-Apr
125
232
256
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Table 2.4 Sensitivity Scenarios for Machinery Including Net Returns, Yields, and
Planting Dates of Cash Crops
Acres of Cover
Crops

Net Returns ($)
Corn Yield
(bu/acre)
Soybean Yield
(bu/acre)

Level at Which
Sprayer Size
Base case
Changed (818
Acres)

Scenario for
Forced
Drilled
Planting

Scenario for
Forced 90-Foot
Sprayer
Termination

635772

610461

578775

610081

158.9

158.9

159.1

158

50

50

49.9

50.6

Corn Planting Dates and Amount (Acres)
341
341
306
304
304
323
405
405
412
-

478
214
80
278

Soybean Planting Dates and Amount (Acres)
15-Apr
66
55
398
22-Apr
432
432
268
29-Apr
192
204
259
6-May
224
224
125
13-May
137
135
-

228
322
400
42
59

1-Apr
8-Apr
15-Apr
22-Apr
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Table 2.5 Rye Planting and Termination Dates by Scenario for Acreage Amounts for
each of the Machinery Sensitivity Levels
Acres of Cover Crop by Planting Dates
Level at Which
Sprayer Size
Changed (818
Acres)
26-Aug
9-Sep
23-Sep
28-Oct
4-Nov
11-Nov

Scenario for
Forced Drilled
Planting

-

156
177
306
237

473
402
125

Scenario for Forced
90-Foot Sprayer
Termination
30
970
-

-

-

125

Acres of Cover Crop by Termination Dates
Level at Which
Sprayer Size
Changed (818
Acres)
18-Mar
25-Mar
1-Apr
8-Apr
15-Apr
29-Apr

Scenario for
Forced Drilled
Planting

341
305
230
-

306
333
237

Scenario for Forced
90-Foot Sprayer
Termination
-

125

600
400
125
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Table 2.6 Net returns, Yields, and Planting Dates of Cash Crops for the Base Case and
1000 Acres Scenarios at the 35th percentile of Weather Risk
Base
35th
Case
Net Returns ($)
Corn Yield (bu/acre
Soybean Yield (bu/acre)

635772
158.9
50

586410
156
49.4

Corn Planting Dates and Amount (Acres)
1-Apr
341
8-Apr
304
15-Apr
405
29-Apr
13-May
20-May
-

90
120
81
234
525

Soybean Planting Dates and Amount (Acres)
15-Apr
66
412
22-Apr
432
109
29-Apr
192
6-May
224
13-May
137
202
20-May
327
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Table 2.7 Net returns, Yields, and Planting Dates of Cash Crops for the Base Case and
1000 Acres Scenarios at the 15th Percentile of Weather Risk
Scenario of Cover Crops
Net Returns ($)
Corn Yield (bu/acre
Soybean Yield (bu/acre)

Base case

15th

585136
154.4
47.1

552313
153.1
47.3

Corn Planting Dates and Amount (Acres)
18-Mar
32
25-Mar
54
123
8-Apr
144
150
15-Apr
51
30
22-Apr
246
226
29-Apr
231
204
6-May
179
181
13-May
51
27-May
62
128
10-Jun
8
Soybean Planting Dates and Amount (Acres)
25-Mar
154
1-Apr
329
15-Apr
102
27-May
83
3-Jun
383
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133
308
154
43
413

Table 2.8 Rye Planting and Termination Dates with the Acreage Amounts for Each
Weather Risk Scenario
Acres of Cover Crop by Planting Dates
35th
12-Aug
9-Sep
30-Sep
7-Oct
21-Oct
4-Nov
11-Nov

15th
-

237
209
123
532

308
-

-

50
150
256

136

Acres of Cover Crop for Termination Dates
35th
11-Mar
18-Mar
25-Mar
1-Apr
8-Apr
22-Apr
29-Apr
6-May
13-May
27-May

15th
-

256
308
150
532
136

-

-

181
209
123

-

98
8
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Figure 2.1 Percentage of Yield Expected Based on Planting Date of Cash Crops

Expected Yield Based on Planting Date
120%

Yield Percentage

100%
80%
60%
40%
20%
0%
24-Feb

16-Mar

5-Apr

25-Apr

15-May

Planting Date
Corn

Soybean
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4-Jun

24-Jun

14-Jul

Figure 2.2 Decision Tool to Establish Cover Crop Cost. (This tool can be found at
http://www.uky.edu/Ag/AgEcon/pubs/extCoverCrop08.xlsx )
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CHAPTER 3. EVALUATING THE POTENTIAL FOR LAND VALUES TO OVERCOME THE COST
OF COVER CROP USAGE
3.1

Abstract

The benefits of cover crops have become a topic of heavy conversation in recent years,
mostly related to the potential benefits in improved soil structure and increasing cash
crop yields. However, if cover crops can improve soil structure and ultimately increase
crop yields, then that increased production potential would influence the value of the
land. This study seeks to evaluate the impact of improving soil classification and crop
potential, as well as assessing the current market for farmland in Kentucky. A hedonic
analysis was conducted using Kentucky farm appraisal data from 2008 through 2016.
Results suggest that land classification has a positive impact on farmland value and
encourages the use of cover crops to maintain those classifications. Model estimations are
seen as high as $35 per acre from land not being degraded, which can commonly be seen
in rotations without cover crops. Furthermore, the results of this study can be used as an
estimate for the benefits needed for greater adoption of cover crops, or the additional
amount needed in program payments if that amount is not currently being met.

3.2

Introduction and Previous Literature

Conservation programs in the United States dispersed $28 billion between 2014 and 2018
(USDA, 2019). For 2018 in particular, $5.6 billion was set aside for such programs, of
which $3.6 billion allocated to the Environmental Quality Initiatives Program (EQIP) and
the Conservation Reserve Program (CRP). Both programs are the most prominent
conservation programs in the country and express a similar goal of improving land
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conservation practices for the future. However, the two programs utilize different
implementation strategies for the protection of vulnerable land and natural resources.
CRP utilizes producer subsidies to incentivize them to take land out of production for a
given amount of time. Whereas, EQIP uses a cost-share approach that allows for
collaboration with producers to create solutions for natural resource issues.

As stated, the land removed from production under CRP enrollment may cause a major
decline in the operation's bottom line, which subsidies might not be able to overcome.
However, EQIP enrollment works to integrate conservation into the current system
allowing for a potentially more attractive solution for the operation since the land will
still produce a cash crop. One of the most common conservation strategies suggested by
EQIP is the use of cover crops for land improvements in leaching, soil structure, and soil
erosion (NCRS, 2018). Incorporating cover crops into the current practice appeals to
farmers not only because of the short-term benefits related to cash crops such as nitrogen
leach, soil erosion, and yield increase, but also the low direct cost and lack of a long-term
commitment compared to other conservation practices (Alliaume, 2014; Roley, 2016;
Pavelis, 2010). Even though cover crops seem to be a positive solution for the
environment and operation, not all studies have found that the short-term benefits
financially account for the cost of cover crops (Fatka, 2018; Lynn, 2018). Showing that
for mass implementation, other benefits are needed to offset these costs.

A potential possibility would be the long-term benefits of cover crops, more particularly
the effect on land values. Long-term benefits are still relatively unknown, but if cover
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crops can reduce the potential for soil erosion, then in the long-term, the land value will
increase. With this in mind, the goal of this paper is to determine what effect soil erosion
has on Kentucky farmland. Accomplishing this goal will allow for the potential proxy
value of the long-term value of cover crop utilization for soil erosion prevention to be
estimated. The objectives of this manuscript are two-fold. First, evaluate the
characteristics that drive Kentucky farmland values. Secondly, evaluate the potential
implications of the implementation of cover crop practices on Kentucky farmland values.

The USDA (2019) reported the average US farmland value in 2018 at $3,140 per acre, a
313% increase since 1970. The increase in average farmland price can be attributed to
premiums from increases in crop yields. These premiums are passed on to cropland
values to account for the higher returns expected from the increased crop production
(USDA, 2018). Kentucky experienced farmland estate values above the national average
in 2018 at $3,440 per acre. Kentucky’s excess value is due to the $5.6 billion in
agriculture sales for the year, where the most considerable portion came from crop
production (CEDIK, 2015) (Figure 3.1). When evaluating farmland, prices are connected
to the operation or use of the land. Therefore, the above-average values could potentially
be linked to crop production which will be tested in objective two. A state such as
Kentucky offers a wide range of agricultural enterprises compared to other states, which
will allow the various enterprises to be studied and compared across one state. These
various enterprises are shown in Figure 3.2.
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Kentucky’s cash receipts further illustrate the diversity in enterprises, which may be due
to the varied topography of the state. This range in topography can create a limiting factor
for some locations in terms of enterprise selection. For example, the flatter, highlyproductive soils in western Kentucky are more suitable for crop production and yield a
large portion of the state’s crop sales (Figure 3.2). It should be noted that poultry
production accounts for 20% of the state’s cash receipts and can be found throughout the
bluegrass. However, other industries are more regional dependent. Moving east towards
the central part of the state, characterized by karst topography and more rolling land, the
farm sales begin to depend less on crop production and more on livestock sales. The
central and bluegrass regions of the state are home to the thoroughbred and Standardbred
horse industries, which account for 18% of the state’s agricultural cash receipts. Southcentral Kentucky depends more on cattle sales, comprising 14% of cash receipts. Eastern
portions of the state are characterized as mountainous, which allows for small-scale
tobacco farming and minimal traditional row crop production. This area is traditionally a
burley tobacco-producing region in the state, but the majority of that production has
moved west within the state. Soils in this area are less productive relative to central and
western Kentucky, resulting in minimal row crop production.

Coupled with the varying topography, crop production can encourage land issues related
to soil erosion. In some areas, traditional practices such as tilling or leaving the land bare
during the non-growing seasons have led to a higher potential for soil erosion, with crop
production experiencing higher erosion rates when compared to other enterprises. The
latest soil erosion estimates from 2015 depicted a 21% increase from soil erosion levels
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in 2007 (NRCS, 2018). However, between 1982 and 2007, the United States saw a
decrease in soil erosion on cropland by 43% resulting in an all-time low of 3.04 tons per
acre in 2007 (NRCS,2007). More specifically, Kentucky had an estimated loss of 3.14
tons per acre each year on cropland due to water erosion (NRCS, 2015). This erosion
occurred on about 75% of the cropland in Kentucky, representing over 11 million acres
(Wells, 1982). Production decrease on these acres could be as high as 40% solely due to
erosion and degrading the cropland (Eswaran, 2001). Overall, the recent increase in soil
erosion has not been estimated in terms of value for Kentucky. However, in places such
as the corn belt, an estimate of $30.28 per acre in yield loss was found due predominantly
to soil erosion (Palmquist and Leon, 1989).

A contemporary example would be in Iowa, one of the highest corn-producing areas of
the country land values were found to decrease by as much as $340 per acre due to
production loss solely from soil erosion (Duffy, 2012). These estimates are due to a
physical loss of soil as well as a decrease in productivity. When soil moves off a parcel
due to erosion, a decrease in land value can be observed for that parcel.

To address this issue in Kentucky, first land values have to be estimated before a
comparison can be modeled to find the impact of soil erosion. To accomplish this,
previous literature suggested the use of a hedonic model to estimate land values. Hedonic
models date back to 1974 and are used in the agricultural industry, as well as others
(Rosen, 1974). The use of a hedonic model allows for the estimated effect of more than
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one variable to be seen on a dependent variable. Multiple hedonic models have been used
on agricultural land for various reasons (Miranowki, 1984; Borchers, 2014), and have
found that farmland values are explained by returns and multiple nonagricultural factors
(Borchers et al., 2014).

The portion of the value that is explained by returns can be found with farm-specific
characteristics. These characteristics include soil characteristics, farm type, size of the
operation, building presence, and irrigation presence. Soil characteristics, including
productivity and soil type, have shown a positive impact on farmland values
(Miranowski, 1984; Huang, 2006; Vasquez, 2002; Roka, 1997), where the slope has
shown a decrease in value (Borchers, 2014; Vasquez, 2002). The impact of farm type has
also been estimated, finding that grain farms often experience higher values due to the
increased value of production compared to a livestock operation (Roka, 1997). The
location of the operation, in comparison to other farms, was found to be valuable in land
evaluation. Dense areas for specific farm types show an increased value over those found
in more dispersed areas (Huang, 2006; Vasquez, 2002). Size of the operation and parcel
have shown a negative effect on the value per acre, due to the lack of buyers as size
increases (Roka, 1997; Huang, 2006; Borchers, 2014; Nickerson, 2001; Garr, 2016;
Vasquez, 2002). The presence of buildings and housing, along with irrigation all show a
positive effect on farmland value (Elas, 1994; Garr, 2016).
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Nonagricultural attributes that influence farmland values are related to urban
development. Recently urban development has increased the value of farmland due to
urban pressure. Land on the urban fringe is determined not only by agriculture returns but
also by the urban activities surrounding them (Delbecq, 2014). The potential urbanization
of land can be seen through population density, distance to cities, and median income, all
of which have been studied in hedonic models. The population has been looked at
through variables such as population change, county populations, and using a population
index (Borchers; 2014, Delbecq, 2014; Roka, 1997). All three variables were found to
have a positive relationship with land values, and represent outside competition in the
acquisition of land. Furthermore, distance to major cities resulted in higher valued land
due to the increase in populations for those areas (Huang, 2006; Nickerson, 2001;
Borchers, 2006). Median income was also shown to increase land values (Borchers,
2014).

Previous literature, as well as a recent increase in conservation dollars and soil erosion,
have revealed the need for a hedonic model estimation of the effect on land values in
Kentucky. The above-examined literature has established numerous variables needed in
the estimation of land values and has pinpointed the areas of research interest in this
paper. Using a hedonic model is not new in estimating land values. However, estimating
the value lost due to soil erosion has not been widely studied in Kentucky and can vary
drastically from one side of the state to the other. Using the models demonstrated in
previous literature paired with Kentucky data, a Kentucky specific estimation can be
calculated in order to resolve this issue.
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3.3
3.3.1

Material and Methods
Econometric Model

The existing literature presents many different methods for modeling and determining
farmland prices. For this study, a log-log approach was chosen in order to address the
numerical variable and limit the impact of potentially skewed high data points. Also,
some variables have the potential to be dependent within the model. A variance Inflation
Factor Test (VIF) was performed to evaluate what variables might show multicollinearity
(see section 3.4). The equation used in this study can be expressed as:
lnP = f (α,θ,δ,γ,Δ)
where the dependent variable is the natural log of price per acre of a parcel of land (lnP).
The independent variables include (α) as a vector of soil characteristics such as land
classification and soil type by percentage, (θ) as a vector of location effects which
represent variables such as population density, (δ) as a vector of market trends such as
year fixed effects, (γ) as a vector of industry effects which represents rental rates, and (Δ)
as a vector of other farm-specific effects such as total acres and buildings present.

Soil characteristics include soil classification at an individual parcel level while slope and
National Commodity Crop Productivity Index (NCCPI) are represented at the county
level. The use of county data was essential in modeling farmland values because
limitations within the data set related to privacy concerns. This vector estimates the
production possibility of the given parcel and can be directly linked to future production.
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The vector representing location effects estimates the change in value due to the parcel’s
proximity to major urban areas. Population density and median income were taken at the
county level due to data availability. This vector also included area locations of the state
that will be discussed in further detail in the data section.

Market trend effects include variables such as year-fixed effects and seasonality from real
estate markets. The vector allows for factors outside of the parcel and area to be
estimated in the model. For example, this vector would account for statewide market
increases or decreases that would influence the value.

The industry effect vector contains land rental rates, which are shown at the county level
for non-irrigated cropland and pastureland. This vector also included a variable to
represent crop change in 2013, when commodity prices increased drastically, causing an
increase in the amount of cropland for that state. The rental rate variables allow for the
consideration of alternative uses of the land rather than outright selling.

Total parcel acres, crop percentage, and the presence of buildings on a parcel of land all
impact farmland values, and all three are represented in the vector of other farm-specific
effects and will estimate the change in value due to the parcels specific characteristics.

3.3.2

Data

To estimate farmland values in Kentucky, the previously stated model was coupled with a
data set of appraisal values from a member of the Kentucky Chapter of American Society
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of Farm Managers & Rural Appraisers (ASFMRA). The set consisted of 715
observations between 2008 and 2016. The appraisal data consisted of county location,
land classification, price, and building value.

The location of the parcel was given as county-level data in order to avoid privacy issues
of the sellers and buyers and to maintain confidentiality, which creates a limitation of the
model. Since a direct address is unknown, county averages were used for some variables
in order to create as much specificity as possible. Of the 120 countries in Kentucky, 61
held observations within the dataset, and omitted counties were found in all areas of the
state. The location of the farm in the model was broken out into six areas of the state:
Purchase, Midwest, Central, Northern, Bluegrass, and Eastern Mountains based on
USDA (Figure 3.3). The six areas are linked to specific production types such as crop
production in the purchase and Midwest areas, cattle operations in the northern and
central areas, equine operations of the bluegrass, and timberland in the eastern mountains.

Although these operation types are not restricted to a specific area, their presence allows
for different characteristic values of land. Land classification will further this idea by
assessing a number value to the land that represents the production opportunity.
Production opportunity scores range from one to eight, where one is the highest
production possibility, and eight is the lowest. An example would be class one land,
which has no production limitation and can be used in any operation, but class four would
be considered not suitable for crop production. The importance of land classification is
the direct connection to value, the lower the limitations, the higher the land value can be.
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Since crop production is a value driver for land, class three was used as the reference in
the model and will directly illustrate the drop off in land price when crop production is
not possible.

The building value or presence on the parcel should affect the value of the land.
However, this is highly dependent on the condition, type, and the number of buildings.
For example, if two parcels have the buildings present, but one has a dwelling, and the
other holds multiple barns, then the value of those buildings to a buyer are different. In
order to address this issue, a dummy variable was used in the model. This variable was
represented as a one if any dwelling or building was on the property and zero if there was
no building at all. The reason being that a dummy variable will eliminate the variability
of the variable and allow for an estimation of the impact of having a building instead of
the value add from a specific building.

The most substantial limitation within the dataset was the aforementioned privacy
concerns. In order to use the dataset, specific locations of the appraised properties were
not included. Variables were added to the appraisal data to better estimate farmland
values. These variables include soil characteristics, population density, rental rates, and
planted acres change over the time of the study. The soil characteristics added to the data
were NCCPI, slope, and soil percentages, all as county averages. The NCCPI represents a
model that uses soil properties, landscape features, and climate to assign a number that
values the land's production ability for commodity crops (NRCS). Much like the land
classification, the NCCPI will estimate the production possibilities of the parcel for row
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crops. This value is given in terms of a percent and, therefore, is shown as a decimal from
0 to 1. The higher the number, the more production can be expected from that particular
parcel. For this study, the NCCPI only represents corn and soybean potential, not all row
crops. The variables of slope and soil percentages derived from soil data and soil maps of
the state and are given at a county average level (NRCS).

Population density and median income were derived from the 2012 census data and are
intended to control for urban areas’ effect of land values. Rental rates were found from
the USDA cash rent estimates from 2017 (Knopf, 2017). Changes in planted acres over
time were found by comparing planted acres of corn and soybeans in Kentucky from
2008 -2012 and 2013-2016 and then finding the difference. The 2013 year is used as
pivot year due to the market and pricing of commodities changing around 2012 when
cash crop prices spiked. This spike in soybean and corn can be illustrated by the 2012
price before the spike of $8.54 and $3.40 per bushel, respectively. Then rising as high as
$17.58 and $8.10 per bushel during 2012, but shortly falling back to roughly $10 per
bushel soybeans and $4 per bushel corn. This caused farmers to turn pasture acres into
cropland during the price increase period. However, once price decreases occurred, the
land was not as quickly turned back to pasture due to the infrastructure needed in cattle
operations. This kind of scenario can cause changes in land value due to the misuse of the
land since the land value is tied directly to its use. A full variable description and
summary statistics can be found in Tables 3.1 and 3.2.

49

3.3.3

Expectations

Based on previous literature, and the structure of the model, the expectations would be
that soil characteristics are the biggest driver of land values. Land classification and
NCCPI will cause an increase in land values when higher crop possibility is present. Soil
percentage and slope should directly follow due to the close connection to crop
production. For the soil percentage, clay soils should be the least desirable due to their
limitation with crop yields. Once the soil effects are considered, then location factors will
affect the values. Regional effects with the location of the parcel would be expected to
cause the further west areas to be valued higher than the central and the central higher
than the eastern. These differences are again due to the competition between producers
and the higher value crop production in the western parts of the state. Likewise, urban
areas will positively affect land values due to the competition of buyers in the area and
development of land near those urban areas. This increase is more likely with smaller
farmers due to the amount of land being purchased. However, all parcels could see an
increase in the presence of urban areas.

Lastly, year and market trends are expected to impact values. The year in which the land
was appraised will influence the value differently for each year, but the expectation
would be that the highest increases would be in 2012, 2015, and 2008 due to the
commodity price increase, cattle price increases, and high prices of the housing market
respectively. Seasonality could be possible in the model due to the timing of operation in
Kentucky, where it would be reasonable to expect an increase in farm sales after harvest
or before planting which is the spring season in this model. Likewise, for a livestock
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operation, an increase in sales of operations could be in the fall because a high number of
cow-calf operations sell their products at this time. The logic behind this would be that an
operation would likely see a production run through the current period to sell what had
been produced before selling the operation. If this is the case, then a decrease in values
during these times will be shown because of an excess supply of the market compared to
the other times of the year.

3.4

Results

Multicollinearity was evaluated through the use of a VIF. Overall the mean VIF was
6.09, with some variables showing higher numbers. A few of these variables where
expected to be correlated such as slope and parcel location. Location variables are likely
correlated due to the county averages and dummy variables used in the model coupled
with similarities in nearby counties. An example of this would be that soil types and
characteristics do not change simply because of a county line, and therefore it would be
expected that regions would share similar findings within the variables of the model.
However, overall, multicollinearity was not an issue in the results.

Further comparison to previous literature suggests the finding were similar to
expectations. Statistically significant variables in previous studies were found to be
statistically significant in the current study, such as soil characteristics, sale date, and
farm characteristics. Although rental rates and seasonality were not found to affect the
sale price of the land as previously expected.
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Full model results and estimated coefficients can be seen in Table 3.3. Of the 34 variables
presented in the model, 22 were found to be significant at a minimum 10% significance
level. The most significant driver of land values was soil characteristics, including land
classification, NCCPI, and soil percentages. Most notably, NCCPI demonstrated the most
considerable contribution followed soil percentages. Land class was found to be
statistically significant at the 1% level for land classes 1 and 4, but 10% significant for
land class 2, all in respect to land class 3. The estimated coefficient for class 4 suggests
the decrease in land value that occurs when row crop production is not possible. On the
other hand, the estimations of classes 1 and 2 represent an average increase in the value
from potentially higher crop yields.

Of the land classification variables, class 1 showed the highest value compared to all
other classes at 0.11%, due to having the highest production potential. However, the
potential for conservation in class 1 land is often lower than other less productive classes.
Therefore, the other class estimations could be more valuable results. Class 2 was
suggested to have an average percent increase of .03% when compared to class 3.
Whereas class 3 displayed a .05% higher land value than class 4, suggesting the benefit
of the possibility of crop production. As expected land values hold consistent with
production potential, suggesting that crop yields are the driving force behind land values.

Similar to land classification, NCCPI was found to be related to increases in land values.
As expected, the higher productivity relates to the higher value due to the returns on the
land. NCCPI expressed the most significant coefficient of the model, suggesting it is a
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crucial factor in farmland evaluation. A one percent increase would result in a 1.25%
increase in price per acre. Since NCCPI is rated from 0 to 1, this means a $39.55 increase
in the per-acre price for an increase of 0.01 in NCCPI. Soil percentages were found to be
significant at the 5% level, but results were not as expected. Based on the model’s output,
clay soils are of higher value than silt or sand, which is the opposite of previous
expectations. One reason for this could be due to the small number of clay soils in the
data set. Similarly, results for soil characteristics suggest the benefit from the possibility
of crop production. Just as it was with land class and NCCPI, as production potential
increases, so does the value of farmland.

Overall, the results suggest that land values are directly connected to the production
potential of the land no matter which variable used. However, the recent increases in
erosion throughout the state with challenge parcels to react full production. Some soils
have been shown to degrade as much as 40% solely due to erosion (Eswaran, 2001),
which would result in a drastic devaluing of the farmland. This is where the use of a
conservation program or practices such as cover crops would pay off rapidly. If cover
crops can keep production constant or even increasing in some cases, land values would
not show decreases from production losses. This can be done by utilizing conservation
program or system that can decrease soil erosion and, in turn, increase the production
potential on that parcel by not moving soil off-site. With cover crops in particular, the
potential is even higher since they cannot only hold the soil in place but also add nutrients
to potential increase crop yields.
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To represent the potential value of cover crops in terms of a dollar amount, the results
were taken and applied to a single observation from the dataset (Table 3.3). The
observation chosen for comparison was selected due to its closeness to the averages of
the entire dataset. The acre amounts in the observation for each class were raised by one,
and then the price per acre was estimated. For class 1, a $116.82 increase was found,
class 2 a $ 7.23 increase, and class 4 a $26.39 decrease. These estimations are only
repetitive of the value solely from erosion prevention with no increase in nutrients.

Unlike other erosion preventing conservation practices, cover crops allow for critical
inputs such as nitrogen to be held in the soil until the cash crop is present to consume it.
Cover crops also hold soil structure in place during heavy rain due to the root structure of
the crops. This is different from other conservation practices that either take land out of
production or require soil runoff to be reapplied to the land. With the use of cover crops,
the soil stays in place, and over time will result in greater productivity due to the increase
in soil organic matter. Since cover crops can reduce soil erosion by holding soil structure
in place, cover crops’ value can be seen based on the lack of value lost if the soil dropped
in land class. For example, a Class 2 parcel could be expected to maintain its value with
the adoption of cover crops, whereas without them, it would lose 0.03% of its value.

Although the locations were found to be correlated to other variables, the results are still
worth mentioning. Farmland values were found to be higher in the western parts of the
state, specifically the Purchase and Midwest areas and tapering off as they moved east.
The Purchase area was considered the top tier, Midwest following at 40% lower, then
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Central and Northern areas dropping roughly another 20%. Finally, the Bluegrass and
Eastern Mountains dropped another 10%, with all of these changes occurring at the 1%
level. These results were mostly as expected, except for the Northern area is more
valuable than the bluegrass. This is potentially due to its location with respect to
Cincinnati and Louisville, large urban areas, or its small size relative to the other areas
analyzed in this study. In respect to nonagricultural factors, population density showed a
2% change in land value at a 1% significance level, suggesting that urban areas will
inflate the market value of farmland, while median income was not shown as significant.

Seasonality was not found to be significant with this model, but a yearly trend was found.
Farmland values decreased from 2008 through 2011, where they bottomed out at a 38%
decrease due to the repercussions of the market crash in 2008. After 2011, the market saw
steady increases through 2015. However, 2015 was still 19% lower than in 2008. 2016
was not found to be significant. The results do suggest the trend of the market will
continue its steady increase until it reaches an equilibrium.

The estimated differences between land classes suggest an opportunity for cover crops
where the long-term benefits could be significant. Furthermore, farmland near urban
areas will experience an increase compared to those in rural areas. These estimations can
be valuable in the accumulation of farmland by major producers across the state. They
will aid in the pricing of farmland and have the potential to change farming practices
around cover crops and their adoption. Land values are highly dependent on production
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potential and the returns of that production to an operation, but still, experience impacts
from nonagricultural uses.

3.5

Conclusion

With the recent trend of increased soil erosion across the country, Kentucky producers
need to be conscious of the effects on production. Coupled with the topography of the
state, high levels of water erosion, and low levels of available top soil, Kentucky could
see yield decreases faster than other nearby states. Cover crops have been shown in
previous literature to help prevent erosion issues and potentially increase crop yields over
time. Along with the billions of dollars set aside for conservation in the US. the decision
to implement cover crops would seem to be simple. However, the short run benefits do
not seem to offset the cost of implementation. Suggesting that long-term benefits will be
the only way for mass implementation in the US.

For producers across Kentucky to realistically consider cover crops, first they must
understand all potential benefits of adding cover crops both short and long term. Without
this knowledge, an operation will struggle to make an educated decision on
implementation. Many studies have been done on the short-term benefits or the
effectiveness of the benefits, but the research is lacking in terms of the long-term
economic benefits of adoption, such as the impact on land values.

Based on the estimations of this model, long-term benefits are possible with cover crops.
The increase in soil erosion prevention, as well as increasing soil structure and nutrients,
could result in a substantial increase in farm assets. Nevertheless, even if cover crops are
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only able to maintain the current conditions of the land, preventing them from further
degrading, producers could expect an average of $26 per acre in saving from lost
production.

As expected, the hedonic model of this paper suggests that land value is primarily driven
by production potential. However, other significant variables included location and parcel
characteristics. Overall, the goal of estimating a statewide model to estimate land values
was accomplished in the study. With the completion of this goal, a few implementations
have been developed: 1) operations now have an average value to estimate land values
changes from implementing cover crops based on their current land class, 2)
policymakers can use these estimates to choose better subsidy rates, 3) Kentucky
producers will be able to compare land values to these estimates when selling or
acquiring land, and 4) the potential development of a state-wide grading or valuing
system for land similar to other nearby states.

Although the results help to move the study of land values in the right direction, some
limitations were found. The most significant limitation of the dataset used for the model
was confidentiality. Privacy concerns did not allow for the location of each farm to be
used and therefore called for the use of county estimates in some variables. In addition to
this limitation, the sale data had no records of any conservation practices implemented on
the farms. Having this data would have allowed for better estimations of conservation
practices effect on the land value. Furthermore, the lack of observations in all counties
limited the potential of the results, as well as the lack of even observations from year to
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year and before 2008. However, even with these limitations, the study allowed for a
baseline of Kentucky farmland values to be estimated.

Future research would suggest addressing the limitations previously stated and increasing
the variables in the model, along with using other datasets for comparison. If the
development or adoption of a Kentucky wide system for scoring farmland potential was
formed, then further research on its estimating of land values could be done. Otherwise,
future research would need to place on the cost and benefits of improving land into a
better land classification.
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3.6

Chapter 3 Table and Figures

Table 3.1 Description of the Variable Included in the Hedonic Model
Variable

Definition

Land_PricePerAcre
lAcres
IIAcres
IIIAcres
IVAcres

Per acre price of land ($)
Number of acres in land classification 1
Number of acres in land classification 2
Number of acres in land classification 3
Number of acres in land classification 4

Acre5_7
Purchase
Midwest
Central
Northern

Number of acres in land classifications 5 through 7
= 1 if parcel is located in the purchase area
= 1 if parcel is located in the midwest area
= 1 if parcel is located in the central area
= 1 if parcel is located in the purchase area

Bluegrass
EasternorMointain
Y2008
Y2009
Y2010

= 1 if
= 1 if
= 1 if
= 1 if
= 1 if

parcel
parcel
parcel
parcel
parcel

is located in the bluegrass area
is located in the Eastern Mointain area
was appraised in 2008
was appraised in 2009
was appraised in 2010

Y2011
Y2012
Y2013
Y2014
Y2015

= 1 if
= 1 if
= 1 if
= 1 if
= 1 if

parcel
parcel
parcel
parcel
parcel

was
was
was
was
was

appraised in 2011
appraised in 2012
appraised in 2013
appraised in 2014
appraised in 2015

Y2016
JanMar
AprJun
JulSep
OctDec

= 1 if
= 1 if
= 1 if
= 1 if
= 1 if

parcel
parcel
parcel
parcel
parcel

was
was
was
was
was

appraised in 2016
appraised between January and March
appraised between April and June
appraised between July and September
appraised between October and December

Crop
CropChange0813
CropChange1316
NCCPI

Percent of the parcel that is in crop production
Change on acres of corn and soybean planted from 2008 to 2013
Change on acres of corn and soybean planted from 2013 to 2016
= to the NCCPI assusiated with the parcel

Slope
PercentSand
PercentSilt
PercentClay
DummyforDwelling

Average county slope in the county where the parcel is located
Average county percent sand in the county where the parcel is located
Average county percent silt in the county where the parcel is located
Average county percent clay in the county where the parcel is located
= 1 if parcel has a house of building on the property

DummySheds
Pop_Den
Med_Income
Acres

= 1 if parcel has a shed on the property
Average population density of the parcel's county
Average median income of the parcel's county
Total parcel acres

NonIrrigatedRent
PasturelandRent
IrregatedRent

County average rent for non irrigated cropland
County average rent for pastureland
County average rent for irrigated cropland
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Table 3.2 Summary Statistics of the Variable Included in the Hedonic Model
Variable

Mean

Std. Dev.

Min

Max

Land_PricePerAcre
lAcres
IIAcres
IIIAcres
IVAcres

3307
0.84539
29.6738
25.139
10.3187

2452.86
5.48683
38.3697
28.6088
17.9385

209
0
0
0
0

23913.12
78
325
267
160

Acre5_7
Purchase
Midwest
Central
Northern

0.86846
0.01269
0.07193
0.28209
0.10719

5.12959
0.11203
0.25856
0.45033
0.30958

0
0
0
0
0

68
1
1
1
1

Bluegrass
EasternorMointain
Y2008
Y2009
Y2010

0.44147
0.08463
0.02962
0.0677
0.12976

0.49691
0.27852
0.16965
0.25141
0.33628

0
0
0
0
0

1
1
1
1
1

Y2011
Y2012
Y2013
Y2014
Y2015

0.10014
0.06488
0.15515
0.24401
0.15938

0.3004
0.24649
0.3623
0.4298
0.36629

0
0
0
0
0

1
1
1
1
1

Y2016
JanMar
AprJun
JulSep
OctDec

0.04937
0.24401
0.30606
0.2274
0.22285

0.21678
0.4298
0.46118
0.41945
0.41645

0
0
0
0
0

1
1
1
1
1

Crop
CropChange0813
CropChange1316
NCCPI

58.473
7334.58
887.921
0.47997

27.6719
5266.02
2545.52
0.1102

0
-200
-3200
0.25451

98.26
22050
11100
0.7620221

Slope
PercentSand
PercentSilt
PercentClay
DummyforDwelling

11.6162
15.1058
49.8718
35.0047
0.43583

4.57216
5.1937
6.18573
5.92586
0.49621

5.35347
8.0105
33.7682
20.0507
0

28.41587
36.01884
66.31531
45.00061
1

DummySheds
Pop_Den
Med_Income
Acres

0.70381
33876
39295.2
107.326

0.4569
48351.7
6710.06
83.9525

0
2239
21883
12

1
304473
61839
659.57

NonIrrigatedRent
PasturelandRent
IrregatedRent

66.3223
19.2992
116.748

52.2766
12.6455
109.406
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0
0
0

225
47.5
350

Table 3.3 Hedonic Regression Results of the Model
R- Squared
Coef.

0.6618
Std. Err.

Land Classification
lnClass1
lnClass2
lnClass4
lnClass5_7

0.1108 ****
0.0320 *
-0.0500 ****
0.0098

0.0272
0.0176
0.0105
0.0137

Midwest
Central
Northern
Bluegrass
EasternorMountain
lnPop
lnMed

-0.4617
-0.6012
-0.6453
-0.7354
-0.7463
0.2006
0.1418

****
****
****
****
****
****

0.1332
0.0997
0.1120
0.1101
0.1246
0.0302
0.1213

Y2009
Y2010
Y2011
Y2012
Y2013
Y2014
Y2015
Y2016

-0.2396
-0.3610
-0.3896
-0.3559
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0.0000 ***
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****
**
****
**
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0.0053
0.0040

lnAcres
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-0.1230 ****
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0.0244
5.1571 ****

0.0312
0.0291
0.0351
1.2662

Location

Year

Season
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Farm-specific Characterisitcs

* p< 0.10 ** p< 0.05 *** p< 0.01 **** p< 0.001
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Figure 3.1 Distribution of Agriculture Cash Receipts for Kentucky in 2017
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Figure 3.2 Map of Agriculture Sales and Concentration of Those Sales in Kentucky
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Figure 3.3 Map of Kentucky with Counties and Distracts Code for Each County used in
the Model
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CHAPTER 4. SUMMARY
With the recent trends of the agricultural industry, margins are becoming smaller and
smaller, forcing producers to consider new practice ideas. Coupled with the increases in
soil erosion and crop potential is becoming more critical. Cover crops are one of the new
ideas that have the potential to lower farm expenses and increase farm revenue along with
preventing erosion. However, the magnitude of both the costs and benefits are still
heavily debated, causing a wide range of estimations. In turn, this has caused producer
willingness to stall in cover crop adoption. The essays presented in this thesis offer an
evaluation of the costs of adoption as well as the potential for long-term benefits related
to soil erosion. This study provides the framework to assist in the decision making
process for producers and aid in policy implications for cover crops.

The first essay seeks to evaluate the costs related to the adoption of the cover crop. A
linear programming model was developed to incorporate machinery selection and
sequencing related to the typical practices of cover crops. The objective of the model was
to maximize returns over selected costs for a traditional western Kentucky farm.
Equations were formulated to illustrate labor, land, and production constraints for both
cash and cover crops. A separate equation was established to provide a minimum level of
cover crop acres adopted.

During the study, a secondary objective was found to create a cost estimating decision
tool for row crop producers. This tool uses various producer inputs with machinery
performance information to calculate an estimated cost of cover crop adoption. The
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estimation not only included the input costs of the cover crop but also incorporated the
machinery costs allocated to the new enterprise.

Once the cost of adoption was established, the model was able to optimize the necessary
resources to maximize net returns. To establish a benchmark, a base case scenario was
run where zero cover crops were incorporated into the operation. This case allows for the
establishment of an operation that is not incorporating cover crops, and then compare
those to various cover crop acreage levels. Each scenario produced optimal machinery at
the given level of cover crop implementation. Once the various scenarios were compared,
other scenarios were created to gauge the impact of weather and the use of current
machinery on the implementation of cover crops. Initial results suggested that when 1000
acres of cover crops are adopted, only a $30 per acre increase was found. This suggested
that producers only need to have a $30 per acre benefit to offset the cost of adoption.
Furthermore, if this $30 per acre is not met, then government payments would be needed
for operation implementation. Overall the first essay provides adequate information
needed for the adoption decision, but cover crops benefits are farm-specific and can differ
between operations.

The second essay set out to address the lack of knowledge on long term cover crop
benefits. This essay uses a hedonic model to estimate the potential benefits that cover
crops could provide in terms of erosion and degradation prevention. One model was
created with the primary objective to estimate Kentucky farmland values. Additionally,
the model sought to find what potential change could be seen in land values with the
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adoption of cover crops. An appraisal dataset was used that included variables such as
price per acre, land classification, NCCPI, and sale date.

Significant results suggest that land value is directly related to crop potential as expected
with crucial variables of soil characteristics. Overall, NCCPI showed the highest
coefficient of all the variables, followed by land classification. Other variables, such as
sale date and location characteristics, were also found to be significant. Variables from
previous literature, such as building value and crop change, were not found to influence
the price per acre significantly. However, more importantly, the results were able to show
the potential for cover crop adoption.

The fact that 75% of cropland in Kentucky is classified as highly erodible demonstrates
the need to hold at least maintain cropland in its current classifications. Previous research
has shown that cover crops can prevent both erosion and degradation of the land. With
both of these points established, the results can suggest the value of erosion and
degradation prevention that can potentially be performed by cover crops as a minimum
average of $26. Comparing this to the results from essay one, erosion prevention would
be able to recuperate the money needed for cover crop implementation.

In conclusion, the essays printed in this thesis further the information around cover crop
adoption. The information presented in the first essay allows for the establishment of
costs, whereas the second essay presents a potential benefit for the producers. Using the
two essays together will allow decision-makers to have a better idea of the economic

67

costs of cover crop adoption. Furthermore, this thesis suggests that the amount needed
from payment programs if the economic cost is not met solely in benefits. It should be
noted that cover crops are farm-specific, and the benefits can change between operations,
but the research presented offers guidelines for both agriculture producers and
conservation programs in the U.S.
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APPENDICES
APPENDIX 1. Cover Crop Implementation Model Components and Summation Notation
Max Net Returns:
(1) Max Z = ∑E EnterprisePriceE EnterpriseSellE
- ∑EPD,E EnterpriseVCE EnterpriseProEPD,E
- ∑CCPD,CCTD,M RyeVC RyePro CCPD,CCTD,M
- ∑CCPD,CCTD,M MachineryCostM RyePro CCPD,CCTD,M
- ∑CCPD, CCTD BurndownVCCCPD,CCTD BurndownPro CCTD
Subject to:
(2) ∑EPD, E EnterprisePro EPD, E ≤ Land Available
(3) ∑CCPD, CCTD, M RyePro CCPD, CCTD, M – ∑CCTD BurndownPro CCTD
+ ∑EPD, E EnterpriseProEPD,E ≤ 0
(4) ∑CCPD, CCTD, M RyePro CCPD, CCTD, M ≥ RyeAcres
(5) ∑EPD EnterprisePro EPD ≤ Land Available * .5 Ɐ E
(6) ∑EPD, W, E EnterpriseLaborEPD,W,E EnterpriseProEPD,E
+ ∑CCPD, CCTD, M, W RyeLabor CCPD, CCTD, M, W RyePro CCPD, CCTD, M
+ ∑CCPD, CCTD, W BurndownLabor CCTD BurndownProCCTD ≤ LaborAv Ɐ W
(7) -∑EPD, E EnterpriseYieldEPD EnterpriseProEPD,E + EnterpriseSellE ≤ 0 Ɐ E
(8) -∑EPD, E, CCPD2 CoverCropPlanttoEPlantEPD, E, CCPD2 EnterpriseProEPD,E
+ ∑CCPD, CCPD2, CCTD, M CoverCropPlant_EPlant CCPD, CCPD2 RyePro CCPD, CCTD, M
+ ∑CCPD, CCPD2, CCTD CoverCropPlant_EPlant CCPD, CCPD2 BurndownPro CCTD
≤ 0 Ɐ CCPD2
(9) ∑EPD, EPD2, E EPlant_EPlantEPD, EPD2 EnterpriseProEPD,E
- ∑CCPD, CCTD, M, EPD2 CoverCropTerm_EPlant CCTD, EPD2 RyePro CCPD, CCTD, M
- ∑CCPD, CCTD, M, EPD2 CoverCropTerm_EPlant CCTD, EPD2 BurndownPro CCTD
≤ 0 Ɐ EPD2
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Equations:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Annual net return
Acreage limitation
Rye Land constraint
Cover Crop Minimum
Enterprise Rotation Constraint
Crop Labor Constraint
Sales Balance
Cover Crop Planting Constraint – Which will restrict the sequencing of cover
crop operation. This constraint only allows the model to plant a cover crop
after the cash crop harvest.
(9) Enterprise Planting Constraint– Which will restrict the sequencing of cash
crop planting. This constraint only allows the model to plant a cash crop after
cover crop termination.
Variables include:
Z = Net returns over select cost
EnterpriseProEPD,E = Quantity planted on a given enterprise plant date (EPD) for
each enterprise (E)
RyeProCCPD,CCTD,M = Quantity of Rye produced using machinery (M), planting
date (CCPD), and termination date (CCTD)
BurndownProCCTD = Quantity of cash crop acres burned down on a termination
date (CCTD)
Indices include:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

EPD = Enterprise planting date
EPD2 = Alias for enterprise planting date
E = Production Enterprise
CCPD = Planting date for the cover crop
CCPD2 = Alias for cover crop planting date
CCTD = Date used for termination or burn down
M = Machinery for the cover crop
W = Weeks
P = Suitable field day percentiles
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Coefficients included:
SuitableFieldDaysw,p = Suitable field days available across each week (W) and
percentile (P)
EnterpriseLaborEpd,W,E = Labor requirements for an enterprise planting date (EPD)
on a given week (W) for each enterprise (E)
BurndownLaborCCTD = Labor requirement for burn down on a termination date
(CCTD)
RyeLaborCCPD,CCTD,M = Labor requirement for rye production on each
cover crop planting date (CCPD) and each cover crop termination date (CCTD)
for each machinery used (M)
Land Available = Total amount of land that can be used for production
EnterpriceVCE = Variable cost associated with production of each enterprise (E)
BurndownVCCCTD = Variable cost associated with burn down for each
termination date (CCTD)
RyeVC = Variable cost associated with rye produced on each cover crop planting
date (CCPD) as well as the associated cover crop termination date (CCTD) and
the machinery (M) used
EnterpriseYieldEPD,E = Expected yield based on enterprise planting date (EPD) for
each enterprise (E)
EnterprisePriceE = Price per bushel of production in each enterprise (E)
CoverCropTerm_EPlantCCTD = Matrix associated with terminating or burn down
application on a given cover crop termination date (CCTD)
CoverCropPlant_EPlantCCTD = Matrix associated with planting rye (CCPD) after
the enterprise (E) has been harvested (EPD)
AnnualMachineryCostM = The annual cost of owning a given machine (M)
TotalCover = Total Acres of the cover crop being produced.
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